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Supplementary Information 
 
Supplementary Texts 
We analyze the one-way effect by calculating the transmission of different diffraction orders 
propagating through the sonic crystal (SC). The transmission spectra for cases with non-rotated 
and rotated square rods are shown in Figs. S1(a) and (b), respectively. One-way effect in our 
structure attributes to higher order diffraction modes, well consistent with the transmission 
spectra in Figs. 2(d) and 3(d). Notice that, however, the transmission spectra in Fig. S1 are 
calculated by ignoring the weight ( nτ in Eq. 3) of different higher order diffraction waves. The 
incident plane acoustic waves are diffracted into higher order modes through the corrugation on 
the left side. Since the diffraction structure in the manuscript is asymmetric and quite complex, it 
is very difficult to obtain the exact weights of different diffracted modes. So all the weights of 
higher orders are considered to be 1 ( nτ =1) in Fig. S1. 
Moreover, in order to clearly elucidate the contribution of different diffraction modes, 
mappings of the spatial field distribution of the acoustic pressure field are shown in Figs. S3 (d), 
(e) and (f) at three specific frequencies (18.0 kHz, 47.0 kHz, 17.25 kHz (for rotated structure)) 
locating in three different one-way windows, respectively. Higher order diffraction modes are 
marked with blue arrows. However, the outgoing beams do not rigorously follow the diffraction 
paths due to the experimental structure of the corrugation, which could lead to fractional order 
diffraction. Therefore, a simplified structure with the same modulation period is studied instead, 
as shown in Figs. S2 (a) and (c). Their corresponding transmission spectra are shown in Figs. S2 
(b) and (d), respectively. Figs. S3 (a), (b) and (c) clearly represent the spatial field distribution of 
the acoustic pressure field for the simplified structure at frequencies 17.8 kHz, 46.9 kHz and 16.6 
kHz (for rotated structure), respectively. The outgoing beams agrees well with all the diffraction 
directions. Notice that the tunable one-way effect could also be realized in this simplified 
structure but with a much less contrast ratio (i.e. worse diode performance). The optimized 
complex geometry in the manuscript has advantages over this simplified diode in two aspects: 1.  
With the gradual change in the complex asymmetric corrugation, the reflection of the acoustic 
wave incident from the left side could be efficiently reduced; 2. Compared to diffractions through 
the simpler corrugation, it is more efficient to generate higher order diffraction modes through the 
complex asymmetric corrugation due to the large slope angle. Above all, the structure with 
asymmetric corrugation could provide a much better performance with a higher contrast ratio and 
a broader band of the unidirectional transmission area. But similar phenomena and diode 
behaviors in these two different configurations clearly demonstrate that the one-way effect in our 
model attributes to the higher order diffraction modes.  
In addition, the influences of rotation angles and filling fractions on diode performance 
(contrast ratio) have been analyzed. As shown in Fig. S4 (a), with the increase of rotation angle, 
the good diode performance area where cR =1 in the second band shrinks whereas that in the first 
band almost does not change. With keeping all the steel rods non-rotated, we have also calculated 
the contrast ratios with different filling fractions from 0.1 to 0.7. As shown in Fig. S4 (b), with the 
increase of the filling fraction, the good diode performance area expands and moves to the lower 
frequency region. 
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Figure S1. Transmission spectra of different diffraction modes which contribute to 
the one-way effect with acoustic wave incident from the left side. The solid blue, 
dash dotted green, and short dotted lines correspond to n=0, n=+/-1, and n=+/-2, 
respectively. (a) and (b) represent the geometries with non-rotated and rotated 
square rods, respectively. 
 
 Figure S2. Transmission spectra of the simplified left-side corrugated SC with the 
same modulation period of L=6a. Schematics of structures of non-rotated and 
rotated steel rods are shown in (a) and (c), respectively. The red and black solid 
lines represent LI and RI conditions, respectively.  
 
 
 
 
 
 
 
 Figure S3. The spatial field distribution of the acoustic pressure field at three 
specific frequencies locating in three different one-way windows. Different 
diffraction orders are highlighted by blue arrows. (a), (b) correspond to the 
simplified non-rotated structure and (c) is the mapping of the simplified rotated 
structure. (d), (e), (f) are mappings of the complex structure studied in the 
manuscript with the same corrugation period of 6L a= . Herein, (d) and (e) 
represent the non-rotated structure, and (f) corresponds to the rotated structure.  
 
 
  
Figure S4. (a) Contrast ratio of transmission of the acoustic diode at different 
rotation angles with the same filling fraction of 0.33 as that in the manuscript. (b) 
Contrast ratio of transmission of the acoustic diode at different filling fractions with 
the square rods non-rotated.  
